We present a catalog of 1439 young stellar objects (YSOs) spanning the 1.42 deg 2 field surveyed by the Chandra Carina Complex Project (CCCP), which includes the major ionizing clusters and the most active sites of ongoing star formation within the Great Nebula in Carina. Candidate YSOs were identified via infrared (IR) excess emission from dusty circumstellar disks and envelopes, using data from the Spitzer Space Telescope (the Vela-Carina survey) and the Two-Micron All Sky Survey. We model the 1-24 µm IR spectral energy distributions of the YSOs to constrain physical properties. Our Pan-Carina YSO Catalog (PCYC) is dominated by intermediate-mass (2 M < m 10 M ) objects with disks, including Herbig Ae/Be stars and their less evolved progenitors. The PCYC provides a valuable complementary dataset to the CCCP X-ray source catalogs, identifying 1029 YSOs in Carina with no X-ray detection. We also catalog 410 YSOs with X-ray counterparts, including 62 candidate protostars. Candidate protostars with X-ray detections tend to be more evolved than those without. In most cases, X-ray emission apparently originating from intermediate-mass, disk-dominated YSOs is consistent with the presence of low-mass companions, but we also find that X-ray emission correlates with cooler stellar photospheres and higher disk masses. We suggest that intermediate-mass YSOs produce X-rays during their early pre-main sequence evolution, perhaps driven by magnetic dynamo activity during the convective atmosphere phase, but this emission dies off as the stars approach the main sequence. Extrapolating over the stellar initial mass function scaled to the PCYC population, we predict a total population of >2 × 10 4 YSOs and a present-day star formation rate (SFR) of >0.008 M yr −1 . The global SFR in the Carina Nebula, averaged over the past ∼5 Myr, has been approximately constant.
INTRODUCTION
The Great Nebula in Carina (NGC 3372) is among the most active massive star-forming complexes in the Galaxy. Over 70 O-type stars ionize a giant H II region (Smith 2006a) and power a bipolar superbubble that has erupted from a 100-pc scale giant molecular cloud complex (Smith et al. 2000) . The Carina Nebula is often considered to be the nearest analog of extragalactic starburst regions (d = 2.3 kpc; Smith 2006b), and it is also the least obscured. Carina thus presents a rich target for the study of resolved young stellar populations evolving in an environment dominated by some of the most massive stars known. While numerous studies have targeted individual rich ionizing clusters in Carina (Feinstein et al. 1980; Massey & Johnson 1993; DeGioia-Eastwood et al. 2001; Ascenso et al. 2007; Sana et al. 2010) , global observations of the stellar populations across the complex are challenging. Due to its large angular size (>2
• × 1.5 • ), it is difficult to achieve the requisite wide observational coverage of the Carina Nebula at high spatial resolution. Its position near the Galactic midplane (b = −0.
• 6) means that wide-field images at visual and infrared (IR) wavelengths are dominated by contaminating populations of unassociated stars. The Chandra Carina Complex Project (CCCP), a 1.2 Ms total X-ray integration covering a 1.42 deg 2 field in the center of the Carina Nebula, provides an unprecedented opportunity to overcome these observational challenges and study the young stellar populations from a global perspective, yet at the detailed level of resolving individual stars (Townsley et al. 2011) .
X-ray observations of star-forming regions are highly sensitive to low-mass pre-main-sequence (PMS) stars (T Tauri stars), which generate hard X-rays via convectively-driven magnetic flaring activity (Preibisch et al. 2005) and to OB stars that produce soft X-rays primarily through micro-shocks in their strong stellar winds (Lucy & White 1980; Feldmeier et al. 1997) . Both classical T Tauri stars with circumstellar disks and protostars with accreting envelopes are observed to be significantly less luminous in X-rays compared to diskless, weak-lined T Tauri stars (Stassun et al. 2004; Telleschi et al. 2007; Prisinzano et al. 2008 ). The CCCP observations are expected to be insensitive to intermediate-mass (2 M < m < 10 M ) young stellar objects (YSOs), including Herbig Ae/Be stars with disks and their less evolved progenitors, which lack a known mechanism for the production of strong X-ray emission (Stelzer et al. 2006) . This important stellar population traces recent and ongoing star formation in massive complexes like Carina. Because such stars have high bolometric luminosities and possess dusty disks and envelopes that reprocess the stellar radiation into strong mid-IR emission, surveys with the Spitzer Space Telescope are very sensitive to them (Koenig et al. 2008; Robitaille et al. 2008; Kang et al. 2009; Povich & Whitney 2010, hereafter PW10) . The entire Carina Nebula was included in the Spitzer Vela-Carina survey. This complementarity between the IR and X-ray observations motivates us to search for candidate YSOs throughout the Carina Nebula using Vela-Carina survey data in conjunction with supplementary IR datasets. The Carina complex contains at least 6.7 × 10 5 M in molecular gas mass (Grabelsky et al. 1988 ) but hosts few bright embedded IR sources or other signposts of ongoing massive star formation; hence historically the Carina Nebula has been regarded as a relatively evolved H II region, with a current star formation rate (SFR) that is negligible in comparison with its historical rate (Smith & Brooks 2008, and references therein) . Within the past decade, a new view of star formation in Carina has emerged, in which active star formation has migrated to the outer reaches of the nebula, in particular the region known as the South Pillars, where remnant molecular cloud material has been shredded and sculpted into myriad clumps, pillars, and elephant-trunk structures by stellar winds and radiation, the two dominant feedback mechanisms produced by massive stars during their lifetimes (Megeath et al. 1996; Smith et al. 2000; Rathborne et al. 2004; Smith & Brooks 2007) . Smith et al. (2010b, hereafter SP10) presented the first Spitzer imaging study of Carina using the Infrared Array Camera (IRAC; Fazio et al. 2004 ) and found over 900 candidate YSOs widely distributed throughout two large fields covering the South Pillars and a portion of the opposite wall of the southern superbubble lobe. Carina remains a highly active star-forming region, but it may be unusual among Galactic giant molecular glouds (GMCs) in the sense that the dominant mode of current star formation activity appears to be triggering by feedback from the local massive stellar population (SP10).
Our present study expands upon the Spitzer pointsource results presented by SP10 in several ways: (1) The Vela-Carina observations extend Spitzer coverage to the entire Carina Nebula, including the central ionizing clusters and regions to the North. The wide-field coverage enables us to analyze relatively empty "control" fields far from the Carina GMC and correct for contamination in our YSO sample from unassociated sources with similar mid-IR colors. (2) We incorporate 24 µm photometry from the Multiband Imaging Photometer for Spitzer (MIPS; Rieke et al. 2004 ) to constrain the evolutionary stages and luminosities of individual YSOs better than what is possible with IRAC photometry alone. (3) We analyze the subsample of YSOs that match CCCP catalog sources to investigate the physical properties of candidate X-ray-emitting protostars and intermediate-mass PMS stars with disks.
In this paper, we present a highly-reliable catalog of 1,439 predominantly intermediate-mass YSOs throughout the Carina Nebula, selected via their IR excess emission. This Pan-Carina YSO Catalog (PCYC) complements and augments the CCCP X-ray catalog (Broos et al. 2011a) . The data analysis steps used to construct the PCYC are summarized in §2, and the methodology used to model the physical properties of the YSOs is described in §3. In §4, we present the ensemble properties of the YSO population, in §5 we analyze the subset of our sample associated with X-ray emission, and in §6 we highlight five noteworthy YSO clusters and sub-groups and several interesting individual YSOs. We discuss our results in the context of the star formation history of the Carina Nebula and the physical mechanism(s) powering X-ray emission from YSOs in §7. We summarize our conclusions in §8.
DATA ANALYSIS AND YSO SAMPLE SELECTION

Observations
The Vela-Carina survey (Spitzer Proposal ID 40791, PI S. R. Majewski), was modeled after the Galactic Legacy Infrared Mid-Plane Survey Extraordinaire (GLIMPSE; Benjamin et al. 2003) . It used the 4 mid-IR bands of Spitzer/IRAC (3.6, 4.5, 5.8, and 8.0 µm) to image 86 deg 2 of the Galactic plane in a strip 2
• high in latitude over longitudes 255
• < l < 295
• (Zasowski et al. 2009 ), an area than included the Carina complex. PSF-fitting photometry was performed using the GLIMPSE point-source extractor, a modified version of DAOPHOT (Stetson 1987) optimized for crowded fields with strong, varying background nebular emission. The GLIMPSE extractor produces two source lists, the 99.5%-reliable Point Source Catalog and the more complete Point Source Archive.
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The depth of the Vela-Carina photometry is very similar to that of GLIMPSE, reaching [3.6] 15.5 mag (less sensitive in regions of bright nebular emission). Both the Catalog and the Archive sources have been matched (bandmerged) with JHK S photometry from the TwoMicron All-Sky Survey Point Source Catalog (2MASS; Skrutskie et al. 2006) , and the resulting source lists provide photometry in 7 IR bands, from 1.2 µm through 8.0 µm. We use primarily the highly-reliable Catalog for this work, as experience shows that this drastically reduces the number of false-positives, candidate YSOs that are generated as the result of systematic photometric errors. The Vela-Carina Catalog contains 60,515 point sources inside the CCCP survey area (Table 1) . We do retrieve a few sources from the Archive that are matched to bright candidate YSOs detected by the Midcourse Space Experiment (MSX), as described in §2.4 below.
The CCCP catalog contains over 14,000 point sources detected by the Advanced CCD Imaging Spectrometer (ACIS; Garmire et al. 2003 ) of the Chandra X-ray Observatory. Broos et al. (2011a) matched the Vela-Carina Archive to the CCCP X-ray catalog and found 6,543 counterparts to CCCP sources. The Vela-Carina Catalog is a subset of the Archive, and provides mid-IR counterparts for 4,664 CCCP sources (Table 1) .
The Carina Nebula was observed with Spitzer/MIPS during late July 2007 as part of program P.I. N. Smith) . The program consisted of a series of MIPS scans that covered most of the area of the star forming region but avoided the bright emission of the Homunculus nebula around η Carinae. This yielded a large mosaic image of the 24 µm emission that contains the entire CCCP survey area.
Identification of Candidate YSOs
YSOs possess dusty circumstellar disks and infalling envelopes that reprocess radiation from the central stars, producing characteristic IR excess emission. YSOs can be identified in broad-band photometric imaging observations via their IR colors or spectral energy distributions (SEDs). Our procedure for identifying candidate YSOs is adapted from Povich et al. (2009) , SP10, and PW10. Here we outline the main steps used in constructing our highly-reliable catalog of candidate YSOs, and we summarize the number of sources found within the CCCP survey area for each step in Table 1 . Using a χ 2 -minimization SED fitting tool (Robitaille et al. 2007 ), we fit reddened Castelli & Kurucz (2004) stellar atmospheres (allowing A V to vary between 0 and 40 mag according to the extinction law of Indebetouw et al. 2005) to the SEDs of 210,742 sources in the VelaCarina Catalog located within a ∆l ×∆b = 2.
• 8×2
• field, 54,155 of which fell within the CCCP survey area (Table 1).
15 Only sources detected in N data ≥ 4 of the 7 Catalog bands (λ = 1-8 µm) were fit. To avoid biasing the fits for sources where the photometric uncertainties may have been underestimated in the Catalog, before fitting any models we conservatively reset the uncertainties to a minimum value of 10%. We considered sources for which χ 2 0 /N data ≤ 2 (χ 2 0 is the unreduced goodness-of-fit parameter of the best-fit model; SP10) to be well-fit by stellar atmosphere SEDs; among sources in the CCCP field that were fit with SED models, 93.4% were consistent with normally-reddened stellar photospheres (Table 1) and hence were removed from consideration for the PCYC.
We then filtered out sources with "marginal" IR excess emission, where the excess appears in only the single IRAC [5.8] or [8.0] band, using the SP10 color criteria, modified to de-redden the [3.6] − [4.5] colors of background stars viewed through the Carina cloud by up to A V = 20 mag. Using [λ] to denote magnitudes in the various IRAC bands and δ([λ i ] − [λ j ]) for the uncertainties on the colors computed from the (minimum 10%) uncertainties on Catalog flux densities, the selection criteria 15 The full field analyzed is much larger than the CCCP field; regions of active star formation identified in this wider field will be the subject of a future paper.
were as follows:
The color excess used for the de-reddening was calculated as
where the κ λ are opacities given by the extinction law (Indebetouw et al. 2005 ). This step is crucial to distinguish intrinsically red objects from sources affected by potential systematic photometric errors IRAC [5.8] and [8.0] are less sensitive to point sources and more affected by nebular emission compared to IRAC [3.6] and [4.5] . We discarded 1,923 of these "marginal" IR excess sources, leaving 1,646 "reliable" intrinsic IR excess sources, which form the basis for our sample of candidate YSOs (Table 1) . Throwing out the majority of the possible IR excess sources in this manner may seem overly conservative, but we note that among the CCCP-matched subsample, only 1/3 of sources were caught by this filter (Table 1 ). The Vela-Carina survey images are dominated by K-and M-type giants in the Galactic field that are not expected to emit X-rays (Rosner et al. 1995) . If the majority of marginal IR excess sources were actually due to emission from disks, perhaps transitional disks with large inner holes, we would expect the fraction of sources rejected at this step among the X-ray detected subsample to be similar to, if not higher than, the fraction rejected from the full sample. Instead, the significantly lower frequency of marginal IR excess sources with X-ray counterparts affirms that the majority of these sources are unassociated field stars. The 213 CCCP-matched sources in Table 1 rejected on account of marginal IR excess are examined again by Povich et al. (2011, hereafter P11) .
2.3. MIPS 24 µm Aperture Photometry Our data analysis is tailored to the goal of fitting YSO model SEDs from Robitaille et al. (2006, hereafter RW06) to the available IR photometry of each candidate YSO. Because the SEDs of highly embedded YSOs peak in the thermal IR near 100 µm, photometry at λ > 10 µm is often required to constrain bolometric luminosities and to distinguish envelope-dominated (Stage 0/I) from diskdominated (Stage II) YSOs (RW06; Indebetouw et al. 2007) . Following PW10, we measured MIPS 24 µm flux densities using aperture photometry. We located the position of each candidate YSO and centered an extraction aperture of radius 3.5 and background annulus of inner and outer radii 7 and 13 , respectively, on the MIPS 24 µm mosaic of Carina. We extracted 24 µm flux densities for each source, estimating the background level using the Daophot MMM algorithm (Stetson 1987 the local background determination and the ability to separate close sources (PW10). PW10 analyzed MIPSGAL 24 µm survey data (Carey et al. 2009 ) covering the M17 SWex IR dark cloud. The MIPSCAR observations are shallower than the MIPS-GAL observations and affected by extremely bright nebular emission produced by warm dust in the Carina H II region. While ∼65% of the YSOs cataloged by PW10 were detected at 24 µm, the detection fraction is only ∼10% for the PCYC. We can, however, derive useful upper limits on 24 µm flux densities in the majority of cases. Upper limits provide critical constraints for the SED fitting, since the RW06 models may predict variations of more than an order of magnitude in 24 µm flux density even when the IRAC flux densities are well-measured. Detections and upper limits were defined as follows: The formal uncertainty σ on the aperture photometry is generally dominated by the uncertainty on the photometric background determination but also takes into account photon counting statistics (including the contribution of the zodiacal background light). Taking F to be the extracted flux density, sources for which F 24 < 5σ were considered undetected at 24 µm, and upper limits of F 24 < 5σ + F 24 for F 24 > 0 and F 24 < 5σ for F 24 ≤ 0 were assigned. The results of our aperture photometry are presented in Table 2 , in which the 24 µm quality flags (column 20) are set to 1 for detections and 3 for upper limits. No photometric information can be obtained for sources falling within regions of the 24 µm mosaic where the nebular emission saturates (for example, in the vicinity of η Car); these are given quality flags of 0. For the 24 µm detections we set the minimum uncertainty to 0.15F 24 to account for systematic uncertainties. One potential source of systematics is the mid-IR extinction law for λ > 10 µm, which appears to vary with environment. Recent observational work with Spitzer has found that, in molecular clouds, the absorption at 24 µm is similar to, not less than, the absorption at 8 µm (e.g. Flaherty et al. 2007) . We therefore used the high-column-density (A K ≥ 1) mid-IR extinction law of McClure (2009) when fitting the RW06 models to the SEDs of the candidate YSOs.
MSX Detections of Luminous Candidate YSOs
We incorporate 8-21 µm photometry from the MSX Galactic Plane Survey Point Source Catalog (Price et al. 2001 ) into our YSO sample in 2 ways: (1) Spatial correlation of MSX sources with the candidate YSOs and (2) visual identification of bright mid-IR sources within the CCCP field that were excluded from the Vela-Carina Catalog because they were either marginally resolved or saturated. Moderately saturated sources were included in the more complete Vela-Carina Point Source Archive, and we added 3 MSX sources with Archive matches to the sample. Only 11 PCYC sources have MSX counterparts (indicated in Table 2 ), but these include the most luminous YSOs in the cloud. Most of these objects were previously cataloged by Rathborne et al. (2004) or Smith & Brooks (2007) . The addition of up to 4 MSX datapoints provides strong constraints on the mid-IR SEDs along with replacements for Spitzer photometry suffering from saturation at 8.0 or 24 µm.
Removal of Contaminating IR Excess Sources
While it is dominated by YSOs, the sample of reliable IR excess sources (Table 1 ) may also contain the following types of contaminants: variable stars, dusty asymptotic giant branch (AGB) stars, unresolved planetary nebulae, and background galaxies (Robitaille et al. 2008; Povich et al. 2009 ). Although few in number, luminous AGB stars are the most important contaminants, as they can masquerade as massive YSOs. The majority of AGB stars have [8.0] − [24] < 2.2 mag, and the few extreme AGB stars that are redder are highly luminous and would be conspicuously bright (Whitney et al. 2008; Povich et al. 2009 ). Applying this color cut removed 1% of sources. We correct for the remaining contamination by analyzing the spatial distribution of IR excess sources.
While YSOs associated with the Carina Nebula exhibit a high degree of clustering (SP10), contaminating sources, including foreground YSOs, are distributed uniformly. We used the nearest-neighbor group-finding algorithm described by Povich et al. (2009) to identify sources exhibiting a significant degree of clustering with respect to 3 "control" fields located outside of the CCCP field. The algorithm was tuned to be sensitive to groupings of ≥10 sources. The control fields were 0.
• 5 × 0.
• 5 boxes centered at (l, b) = (286.
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• 9), (286.
• 6, 0.
• 2), and (288.
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• 1), containing a mean surface density of reliable IR excess sources of Σ con = 200 deg −2 . The surface density of reliable IR excess sources inside the 1.42 deg 2 CCCP field is Σ CCCP = 1150 deg −2 (Table 1) , hence the expected contamination fraction from sources unassociated with the Carina Nebula is Σ con /Σ CCCP = 17%. After removing sources from the sample that did not satisfy the clustering criterion, the source density in the final PCYC is Σ corr CCCP = 1000 deg −2 , indicating a residual contamination level of Σ corr CCCP −(Σ CCCP −Σ con ) = 50 deg −2 , or 5%.
MODEL-BASED YSO CHARACTERIZATION AND
CLASSIFICATION
Basic IR photometric data for the 1439 YSOs in the PCYC are presented in Table 2 . Using the Robitaille et al. (2007) SED fitting tool, we fit YSO models from RW06 to the available photometry of each source. We allowed the fitting tool to accept a range of distances of 2.3 ± 0.05 kpc, guided by the well-established distance to η Car from expansion measurements of the Homunculus nebula (Smith 2006b ) and by the assumption that the depth of the Carina Nebula along the line of sight is not greater than its ∼50 pc diameter observed on the sky. We define the set i of well-fit models for each YSO according to χ 2 i − χ 2 0 ≤ 2N data , and assign a χ 2 -weighted, normalized probability P i to each model ). This enables us to construct probability distributions for the model parameters and thereby constrain physical properties such as luminosity, mass, and accretion rate. In general, the parameters are not normally distributed, so the physical properties for individual sources must be interpreted with care. We present results from the model fitting to the PCYC sources in columns (2)- (8) of Table 3 . For each YSO, we list characteristic values of 3 parameters along with corresponding uncertainties. The characteristic values for the stellar parameters mass (X = M ) and bolometric luminosity (X = L bol ) are calculated as the probability-weighted means of the parameter distributions,
Circumstellar parameters in the RW06 models, such as envelope accretion rate (Y =Ṁ env ), span many orders of magnitude. We define the characteristic circumstellar parameters as the medians of the parameter distributions,
because this approach is less affected by any extreme outlying values returned by the fitting procedure. For both stellar and circumstellar parameters, we compute the 1σ uncertainty σ(X, Y ) as the standard deviation on the characteristic parameter value X, Y . The YSO models are divided into evolutionary stages that parallel the well-known empirical T Tauri classification system based on IR colors or spectral indices: Stage 0/I YSOs are still embedded in their infalling, natal envelopes; Stage II YSOs have optically thick circumstellar disks; Stage III YSOs have optically thin disks (RW06). We construct probability distributions of evolutionary stage for each YSO and classify a YSO as Stage 0/I, II, or III if P i (Stage) ≥ 0.67; we refer to the classification of sources not meeting this criterion as "Ambiguous" ). We prefer the RW06 stage classification system to the traditional T Tauri class system because (1) it makes the model-dependent nature of the taxonomy explicit rather than implicit, (2) the incorporation of Ambiguous classifications acknowledges the limitations of imposing distinct categories on a continuous evolutionary sequence, and (3) a model-based system provides physical insight into intermediate-and highmass YSOs for which a classification based on the empirical colors of low-mass T Tauri stars may not be meaningful. The distribution of stage classifications across the PCYC is presented in Table 1 , and the classification for each YSO is given in Table 3 (column 8).
The 410 YSOs detected in X-rays are identified in Table 3 by CCCP catalog name (column 9). Feigelson et al. (2011, hereafter F11) divided the CCCP field into 4 broad regions (A, B, C, and D) and also identified 20 X-ray clusters and 31 smaller groups. We assign every PCYC source to one of these regions and possibly also to one of the clusters/groups according to the region/cluster/group membership of the nearest CCCP catalog source (columns 10 and 11 of Table 3 ).
The PCYC (Tables 2 and 3 ) is a compilation of individual candidate YSOs in Carina that we hope will provide a rich dataset for future follow-up studies. For the present work, we are concerned primarily with the ensemble properties of the population. The large sample size provides robust statistics to compensate for potentially large uncertainties on individual YSOs whose physical properties, such as stellar mass and bolometric luminosity, may not be well-constrained by the RW06 models. 18 O molecular cloud cores (Yonekura et al. 2005) are also plotted in Figure 1 . While the spatial distribution of YSOs throughout the Carina Nebula exhibits highly complex structure, with clustering on multiple spatial scales, a general pattern is readily discernible. The majority of YSOs are located inside H II region cavities near, but less frequently within, the boundaries of dense molecular clouds and the ends of pillars.
Another view of the PCYC is presented in Figure 2 , in which a Vela-Carina 3.6 µm mosaic is presented with YSOs color-coded by mass. YSOs in 3 mass ranges roughly corresponding to the mass ranges of Herbig Be stars, Herbig Ae stars, and T Tauri stars are colored red, yellow, and green, respectively. Density contours of CCCP sources from F11 depict all of the major clusters as well as numerous smaller stellar groupings. The largest concentration of intermediate-mass YSOs is found not in the South Pillars, but in Tr 14 itself. Numerous sub-clusters of Tr 16 (F11) also have associated YSOs.
Several caveats regarding the Spitzer point-source detections must be kept in mind when analyzing the PCYC. The strong and variable nebular emission across the Carina Nebula, especially at 8.0 and 24 µm, creates complicated, position-dependent variations in the sensitivity limit for mid-IR point-source detections. In addition, the IRAC images are confusion-limited in the dense clus- ter centers. The PCYC is very incomplete near η Car, a highly saturated Spitzer source visible at the center of Figures 1 and 2 , and in the Treasure Chest, a very young, embedded cluster (Smith et al. 2005) , where only 3 candidate YSOs are detected due to extreme crowding and nebulosity. Other potential areas of sensitivity problems include the crowded center of Tr 14 and the ionization front between Tr 14 and the Car I molecular cloud core to the west (Yonekura et al. 2005; Ascenso et al. 2007 ) where the diffuse mid-IR nebular emission is bright. Nevertheless, the dearth of active star formation within the Car I cloud core appears to be real, not simply a sensitivity effect. All of the Spitzer YSO sub-clusters cataloged by SP10 are apparent in Figures 1 and 2 . In addition, we detect 3 new, tight clusters or groups of ∼10 YSOs in the Northwest corner of the CCCP area, 2 of which are associated with significant overdensities of X-ray sources (F11). We discuss these new YSO clusters in more detail in §6. YSOs are also detected embedded in the ends of most dust pillars, both in the South Pillars and elsewhere in the Carina Nebula. Some of these are the driving sources of the Herbig-Haro jets found in Hubble Space Telescope images (Smith et al. 2010a) . YSOs are also associated with several of the candidate proplyds identified by Smith et al. (2003) 
YSO Mass Function and Present-Day Star
Formation Rate Summing the individual probability distributions of M defined by the set of models fit to each YSO, we construct the YSO mass function (YMF; Shepherd et al. 2007; Povich et al. 2009; Kang et al. 2009, PW10) for all 1439 YSOs in the PCYC (Figure 3 ). The YMF is defined similarly to the stellar initial mass function (IMF), Φ(log m) = dN/d log m, where dN is the number of stars in the (logarithmic) mass interval (log m, log m+d log m). The Carina YMF exhibits a power-law form Ψ(m) ∝ m −ΓYMF for M c ≤ m < 10 M , departing from the power-law due to incompleteness for m < M p ≈ 3.1 M (Figure 3a ). The power-law slope Γ YMF = 3.2 ± 0.3 is significantly steeper than the standard Salpeter-Kroupa IMF slope Γ IMF = 1.3 (Kroupa 2001 ). PW10 found a very similar YMF shape, with Γ YMF = 3.5 ± 0.6, for a sample of 488 YSOs in M17 SWex, a GMC complex extending ∼50 pc outward from the bright Galactic H II region M17.
In Figure 3b , the YMF has been broken down by most probable evolutionary stage. This shows that the overall shape of the YMF is dominated by a narrow component from Stage II objects, but also includes a broader component from Stage 0/I objects. The YMF shape of the Ambiguous sources is a blend of these two components. (Stage III YSOs constitute only 6% of the PCYC and are not plotted.) Ambiguous YSOs dominate the (incomplete) low-mass range, which is expected because fainter sources are more likely to lack 24 µm detections and other photometric measurements of sufficient quality to tightly constrain their properties. Stage 0/I YSOs are preferentially detected over Stage II YSOs at lower masses because the reddest objects are generally brighter in the mid-IR for a given mass. The steep intermediate-mass slope of the YMF traces both Stage II YSOs and Am- biguous YSOs that are most likely dominated by Stage II objects in this mass range, given the overall distributions of Stage 0/I versus Stage II YSOs. This supports the idea that disk evolution is an important selection effect that steepens the observed YMF slope (PW10).
SP10 considered the idea that rapid disk destruction in massive stars could preferentially remove them from the YSO sample and affect the observed mass function but concluded that this effect does not significantly impact an IMF derived from the YSOs in Carina. This conclusion was based upon a perceived similarity between the empirical K S and [3.6] luminosity functions of the Carina YSOs and the scaled K-and L-band luminosity functions (KLFs and LLFs) for the Orion Nebula Cluster (ONC; Muench et al. 2002) . However, Muench et al. (2000) caution that LFs are not reliable tracers of IMFs when the photometry is dominated by IR excess emission. To illustrate the problem, consider the bright end of the KLF. The few most luminous YSOs in the SP10 sample, which are also included in the PCYC, have similar M K to θ 1 Ori C, the most luminous star in the ONC. But while the most massive YSOs in Carina are ∼10 M objects, θ 1 Ori C is an O star of ∼40 M ! While the ONC is a young cluster, the majority of its stars have lost their inner disks, and the KLF used by Muench et al. (2002) to derive the cluster IMF was dominated by emission from stellar photospheres. To better understand the IMF traced by the YSOs in Carina, we rely instead on the RW06 models to relate statistically the observed IR emission to stellar mass. Our approach is subject to its own set of biases and systematics, but it has been designed for the problem at hand and has been tested in numerous other studies (e.g. Whitney et al. 2008; Povich et al. 2009; Kang et al. 2009 ). We are also aided by the ability to compare Carina to M17 SWex, where a similar sample of YSOs has been analyzed using the same tools (PW10).
The YMF of 488 YSOs in M17 SWex from PW10 is overplotted in Figure 3a for comparison with the PCYC. The similarity between these YMFs is striking; the only obvious difference appears to be a lower mass completeness limit for the PCYC. Both Carina and M17 are 100-pc scale GMC complexes at similar heliocentric distances, each containing several 10 5 M in molecular gas mass, and each in the process of forming a large OB association. The sensitivity of the GLIMPSE observations to YSOs in M17 SWex was limited primarily by interstellar extinction through the IR dark cloud. In contrast, the interstellar extinction to the Carina YSOs is much lower, and the sensitivity is limited instead by bright nebular emission produced by the H II regions. It is not obvious, however, why high extinction should be a much greater impediment to YSO detections than bright nebulosity. The implied difference in sensitivity is dramatic, meaning that if the YMF of PW10 is intrinsically similar to the PCYC, its completeness at m = 3.1 M (corresponding to main-sequence B9 stars) is as low as ∼40%.
The M17 SWex GMC complex appears to be forming its first generation of stars and lacks very massive, early O stars (PW10). The Carina molecular cloud complex has been thoroughly disrupted by the process of forming tens of thousands of stars, including some of the most massive stars known in the Galaxy (Smith & Brooks 2007) . The environmental differences between these two massive star-formation regions lead us to expect that there are intrinsic differences between the YSO populations, and these differences might be manifest in the YMFs. In particular, we expect that the PCYC includes a larger proportion of more evolved YSOs than the M17 SWex population.
A useful empirical comparison of the PCYC with the M17 SWex YSOs is provided by the plot of the IRAC 5]E) with respect to the RW06 model SEDs and hypothesized that such sources are unresolved analogs of the extended green objects (EGOs), candidate molecular outflows from massive YSOs cataloged from the GLIMPSE images by Cyganowski et al. (2008) . In this interpretation, such sources are expected to be very young, with ages 10 5 yr, since outflows are powered by rapid accretion (Richer et al. 2000; Shepherd et al. 2007 ). We find that ∼50% of [4.5]E candidates from PW10 are found above the line [4.5]E sources supports the conclusion that these objects trace the same phenomenon as the EGOs. The difference between the two regions could be partly environmental; SP10 suggest that the harsh radiation fields permeating the Carina Nebula may dissociate molecules in the outflows, removing the source of the EGO emission. But this comparison also indicates that very young YSOs with high accretion rates are less frequent in Carina than in M17 SWex. Indeed, only 17% of the PCYC are unambiguous Stage 0/I YSOs, compared to 27% Stage 0/I YSOs in the M17 SWex sample (PW10). The presence of a dusty, circumstellar disk (or an envelope that will presumably evolve into a disk) is a prerequisite for inclusion in the PCYC, hence the upper limit on the age of the YSOs is approximately the disk lifetime. The "canonical" disk lifetime for a solar-mass, classical T Tauri star is ∼2 Myr (Haisch et al. 2001) . If the primary mechanism for destroying dust disks around intermediate-mass YSOs is photo-evaporative dissipation driven by radiation from the central star (Hollenbach et al. 1994; Monnier & Millan-Gabet 2002) , then the disk lifetime should decrease as a strong function of stellar mass. Disk lifetimes for intermediate-mass stars, including Herbig Ae/Be stars, appear to be significantly shorter than for T Tauri stars, typically 1 Myr (Hernández et al. 2007; Povich et al. 2009, PW10) . The disk fraction among intermediate-mass stars may therefore be one of the most sensitive chronometers available for massive star-formation regions like Carina.
PW10 showed that the shape of the YMF depends critically on the mass-dependent disk fraction, and hence the recent star formation history. Assuming a constant SFR, the observed YMF slope is steepened by disk evolution above a critical mass m > M c for which the disk lifetime τ d (m) is less than the age spread of the YSO population τ 0 . For m ≤ M c , τ d (m) ≥ τ 0 , the disk fraction becomes unity, and the YMF traces the underlying IMF, presumably a Salpeter-Kroupa slope (Γ YMF → Γ IMF = 1.3). As a result, M c decreases with time. Unfortunately, for the PCYC M c ≤ M p = 3.1 M , meaning that the critical mass falls in the range where our observations are incomplete. This limit means that the critical mass of the PCYC is lower than M c = 3.9 M found by PW10 for the M17 SWex sample (Figure 3a) , and this could be explained by disk evolution proceeding over a longer timescale in the Carina complex. The PCYC does contain a significant population of Stage II/III YSOs with relatively evolved disks. This population is located near the line [3.6] − [4.5] = 0 in Figure 4 , hence reddening by interstellar dust is negligible, and the lack of IR excess emission at wavelengths ≤4.5 µm suggests that the inner disks have been cleared of dust.
Assuming that the underlying IMF of the Carina young stellar population has a normal Salpeter-Kroupa form, we can estimate the present-day SFR in Carina from the PCYC. Scaling the IMF of the ONC (Muench et al. 2002) to match the PCYC YMF where it departs from a powerlaw at M p = 3.1 M gives a prediction of >2 × 10 4 YSOs to a limiting mass of 0.1 M , corresponding to a total mass in stars of >1.6 × 10 4 M . These numbers are lower limits due to incompleteness. Adopting a conservative upper limit of τ 0 2 Myr as the age spread sampled by the PCYC, we arrive at a lower limit on the recent SFR in the Carina Nebula of >0.008 M yr −1 . If the Galactic SFR is a few M yr −1 (Murray & Rahman 2010; Robitaille & Whitney 2010) , then the star formation activity of the entire Milky Way is equivalent to a few hundred Carina complexes.
PROPERTIES OF THE X-RAY-EMITTING YSO POPULATION
The PCYC contains 410 X-ray-detected, predominantly intermediate-mass YSOs, including 62 Stage 0/I YSOs that are candidate X-ray-emitting protostars, the largest such sample compiled to date (Table 1) . Because Herbig Ae/Be stars fall into an X-ray "desert" between low-mass T Tauri stars with convection-driven emission and OB stars with wind-driven emission, we expect that many of the PCYC sources are intrinsically X-ray quiet. This motivates us to assume the null hypothesis that X-ray emission apparently associated with intermediatemass YSOs is generally produced by an unresolved lowmass, T Tauri binary companion (Stelzer et al. 2006; Evans et al. 2011 ). In such a scenario, the intermediatemass primary is X-ray quiet but dominates the IR emission, and the physical properties derived from the IR SED modeling are expected to be uncorrelated with the presence of an X-ray-detected secondary. This null hypothesis can therefore be disproved if we observe statistically significant differences between the modeled properties of YSOs with X-ray counterparts and those without.
The detection of a faint X-ray source is highly dependent on location, because the sensitivity of the ACIS observations varies significantly across the CCCP field (Broos et al. 2011a ). The sensitivity limit of the PCYC has a complicated positional dependence due to large spatial variations in extinction and nebulosity. Physical properties inferred from the IR modeling can range over orders of magnitude, and observed X-ray luminosity L X versus stellar mass (or L X versus L bol ) relations have over an order of magnitude scatter (e.g. Preibisch et al. 2005) . Potential correlations between properties derived independently from X-ray and IR observations are likely to be overwhelmed by severe noise. To avoid this problem, we divide the PCYC into CCCP-matched (PCYC-X) and unmatched (PCYC-U) subsamples and compare physical properties derived from SED fitting between these subsamples. The PCYC-U includes both YSOs that are intrinsically X-ray quiet and YSOs that happened to fall below the CCCP detection limit. There is likely to be substantial overlap in the physical parameters between these subsamples. Rather than attempt the potentially intractable task of correcting for the incredibly complicated, competing sensitivity variations between the X-ray and IR sample selections, we regard sample overlap as an inevitable, additional source of noise in our comparisons. At best, we might hope to discern some general, qualitative trends from the ensemble population, given the large sample size.
The YMF of the 410 YSOs in the PCYC-X (the X-YMF) is plotted in Figure 5 . The intermediate-mass slope Γ YMF = 3.2 ± 0.6 and power-law departure mass M p = 3.1 M (Figure 5a ) are consistent with the full PCYC YMF. This similarity is striking, given that we might have expected the X-YMF to skew toward lowermass YSOs drawn from the T Tauri population. Instead, there appears to be a subtle trend in the opposite direction, with the m < 2 M mass range suppressed in the X-YMF. This trend is also apparent when the X-YMF is plotted by evolutionary stage (Figure 5b) .
Differences between the PCYC-X and PCYC-U are easier to discern from the cumulative mass distributions (Figure 6 ), constructed from the characteristic M for each YSO (column 4 of Table 3 ). Two curves are plotted in each panel, representing the PCYC-U and the PCYC- X (red) subsamples. The panel headers give the probability P (KS) from a Kolmogorov-Smirnov (KS) test that the two curves are drawn from the same underlying distribution. Figure 6a shows that the PCYC-X as a whole includes a significantly lower fraction of sources with m < 2 M . Figure 6b reveals that this difference is produced by the Stage II sources. Evidently the VelaCarina Spitzer observations are more sensitive than the CCCP observations to low-mass, disk-bearing stars. A KS test shows no significant difference between the cumulative mass distributions of the two samples of Stage 0/I sources, although the two curves do appear to diverge for m > M p (Figure 6c ).
5.1. Intermediate-Mass, Disk-Dominated YSOs with X-ray Counterparts In Figure 6b the mass distributions of both the PCYC-X and PCYC-U samples appear to be very similar for m 2 M . In Figure 7 we present a comparison of 6 key YSO model parameters for the unambiguous Stage II YSOs in the intermediate-mass range 1.6 M ≤ M < 4 M , equivalent to A through late B stars on the main sequence. The parameters plotted are stellar mass M , bolometric luminosity L bol (which includes luminosity derived from accretion), stellar temperature T , normalized envelope accretion rate Ṁ env /M , disk mass M disk , and total extinction to the stellar surface A V,t (defined as the sum of the contributions to extinction produced by dust along the line of sight A V and circumstellar dust A V,c ). The characteristic values X of the stellar parameters X = (M , L bol , T ) were calculated using Equation (1), and the characteristic values of the circumstellar/environmental parameters Y were calculated using Equation (2).
We further subdivide our intermediate-mass Stage II sample by stellar temperature, into sets with T < 5500 K (167 YSOs, 77 in the PCYC-X) and T ≥ 5500 K (195 YSOs, 83 in the PCYC-X). We were motivated to make this division by the hypothesis that intermediate-mass stars with cooler photospheres are more likely to have convective atmospheres and perhaps generate X-rays by a mechanism analogous to that of lower-mass T Tauri stars (e.g. Stassun et al. 2004; Preibisch et al. 2005) .
We find that none of the mass, luminosity, or temperature distributions (Figures 7abc) shows any significant correlations with the presence of X-ray emission. The normalized envelope accretion rates are low by definition for Stage II YSOs, and the distributions shown in Figure 7 confirm that these objects lack significant infalling envelopes. We do observe that the distribution functions for the low-T division (dashed curves) have systematically lower luminosity and mass compared to the high-T division, which is expected from PMS stellar evolutionary tracks.
There are no statistically significant differences in the cumulative distribution functions of the model parameters among the high-T division that correlate with Xray emission.
17 This result is consistent with our null hypothesis; we cannot rule out the possibility that Xray emission associated with Stage II YSOs with T ≥ 5500 K actually originates in unresolved, lower-mass T Tauri companions. In contrast, the distribution functions of M disk and A V,t (Figures 7ef) definitively fail the KS test for the low-T division and demonstrate that Xray emission is not a completely random phenomenon among the intermediate-mass Stage II YSOs. PCYC-X sources are significantly underrepresented among YSOs with the lowest disk masses, M disk < 10 −3 M (Fig-17 The one exception is normalized envelope accretion rate, P (KS) = 0.00 in Figure 7d ; however this is not a meaningful result because the envelope accretion rates are near zero in Stage II YSOs, and this parameter is not expected to be well constrained by the SED fitting. ure 7e). We have uncovered a population of intermediatemass PMS stars with massive disks and intrinsic X-ray emission, but the X-ray emission apparently dies off as the disks evolve. This result seems diametrically opposed to the observational paradigm in which X-ray luminosity from low-mass PMS stars increases as these objects evolve from classical T Tauri stars to weak-lined T Tauri stars (Preibisch et al. 2005; Telleschi et al. 2007 ), a transition that reflects the cessation of disk-fueled accretion that may suppress X-ray emission (Stassun et al. 2004) .
The main result illustrated by Figure 7 is that disk mass correlates far more strongly with X-ray emission than any of the stellar parameters, demonstrating that rapid disk evolution provides a highly sensitive chronometer for intermediate-mass PMS stars. The apparent paradox with T Tauri X-ray emission is resolved when we recall that this trend is observed only among our carefully selected sub-division of intermediate-mass PMS stars with M ≥ 1.6 M and T < 5, 500 K. These stars will presumably evolve into Herbig Ae/Be stars, at which point their X-ray brightness would fall below the CCCP detection limits (Stelzer et al. 2006; Broos et al. 2011a) . At present, they are very young objects with relatively massive disks, still contracting toward the main sequence, and they have spectral types of G2 or later. They could thus be regarded as more massive, more luminous analogs of classical T Tauri stars.
A direct imprint of circumstellar disks on X-ray emission can be inferred from the distribution of total extinction (A V,t ; Figure 7f ). The top 5% of the PCYC-U reach absorptions up to ∼100 times higher than the top 5% of the PCYC-X. These sources are probably highinclination systems, where nearly edge-on disks completely absorb any X-ray emission along the sightline to the central stars.
Candidate X-ray-Emitting Protostars
The 62 unambiguous Stage 0/I YSOs in the PCYC-X subsample are presented in Table 4 , which lists values for some of the YSO model parameters along with 3 observed X-ray quantities; total-band (0.5-8 keV) net counts, median energy (E median ), and energy flux (F t ). As Figure 6c shows, the mass distributions of Stage 0/I YSOs are very similar between the PCYC-X and PCYC-U subsamples for M < M p . To investigate which properties other than mass may correlate with X-ray emission from protostars, in Figure 8 we present distribution functions comparing the same 6 YSO model parameters used to analyze the intermediate-mass Stage II population (Figure 7) , this time plotting the unambiguous Stage 0/I YSOs with M < 2.5 M .
KS tests reveal that the mass distributions for these low-mass Stage 0/I YSOs are statistically the same between the PCYC-X and PCYC-U (Figure 8a ), yet the luminosity distributions are significantly different, with the X-ray emitters systematically preferring lower values of L bol (Figure 8b ). Hence we may deduce that X-ray detected Stage 0/I YSOs are less luminous for a given stellar mass. Furthermore, both the normalized envelope accretion ratesṀ env /M and total absorption A V,t (columns 6 and 7 of Table 4) show parameter distributions skewed to significantly lower values for the Xray emitters, while T is marginally higher for the X- Figure 6 . The distribution functions are further subdivided by stellar temperature; long-dashed curves for T < 5500 K and dotted curves for T ≥ 5500 K (the fiducial temperature is the vertical dash-dotted line in panel c). Three KS probabilities are given in each panel header: full distribution; low-T , high-T sub-distributions. ray emitters. As protostars contract, they become hotter and less luminous, their accretion rates slow, and outflow-carved, bipolar cavities grow in their envelopes, reducing the obscuration to the central star. Taken together, the distributions shown in Figure 8 demonstrate that brighter X-ray emission correlates with more evolved Stage 0/I YSOs.
Previous identifications of candidate X-ray emitting Class 0/I YSOs in nearby star formation regions have observed characteristically hard X-ray spectra, with E median 2.5 keV (Getman et al. 2007; Prisinzano et al. 2008 ). X-ray spectra observed from embedded protostars are expected to be hard because soft X-rays are preferentially absorbed both by the dense circumstellar envelopes and the surrounding dense molecular cloud cores (Getman et al. 2007 ). About half (26/62) of our sample of candidate X-ray emitting Stage 0/I YSOs have hard Xray counterparts in the CCCP catalog (E median > 2 keV); these objects are high-probability candidate X-ray emitting protostars, grouped together in Table 4 . The remaining Stage 0/I YSOs in Table 4 are matched to soft X-ray sources, more consistent with expectations for Class II/III objects (Preibisch et al. 2005; Prisinzano et al. 2008) . YSOs in this latter group may be in transition between the envelope-dominated and diskdominated phases. Many of them would not have been selected as Class 0/I objects by the conservative mid-IR empirical criteria of Prisinzano et al. (2008) , for example. The model-based Stage 0/I classification, however, indicates that the YSOs in Table 4 are still very young (they possess envelopes); whether or not they are identified as "candidate protostars" is primarily a semantic choice. As expected, the IR SED modeling indicates that the soft X-ray group is less embedded than the hard X-ray group, with median A V,t = 10 mag compared to 30 mag (column 7 of Table 4 ). Recalling that most YSOs in the Carina Nebula are found outside of dense molecular clouds ( §4.1), the typical absorption may also be less than expected from observations of YSOs in other starforming molecular clouds that have not been disrupted by feedback from extremely massive stars.
BUTTERFLY COLLECTION: INTRIGUING YSO SUB-CLUSTERS
In this section, we identify and briefly discuss YSOs found in candidate embedded sub-clusters in the CCCP field. These YSOs are highlighted, with their group membership identified, in Tables 2 and 3 . There are a few caveats to remember. The properties of individual YSOs may not be well-constrained by the RW06 models. Sources might be multiple or otherwise confused in our multiwavelength datasets, and apparent spatial matches between CCCP sources and Vela-Carina sources do not guarantee physical association. We believe that these clusters are sufficiently interesting individual "butterflies" among the larger stellar population in the Carina complex to merit targeted follow-up multiwavelength observations that would provide higher spatial resolution, wider wavelength coverage, and/or spectroscopy. remarkably luminous, hard, and highly-obscured. Three of these sources were matched to a single Vela-Carina Catalog source, G287.9186-01.2913 (Broos et al. 2011a ), or PCYC source 699 (Tables 2-4). The primary CCCP match to PCYC 699 is CXOGNC J104451.91-602511.9, the brightest (F t = 5 × 10 −13 erg cm −2 s −1 ) and secondhardest (E median = 5.2 keV) X-ray source associated with any candidate protostar in the Carina Nebula (Table 4). This source is variable and spectacularly luminous in X-rays, with L X = 0.5 L , corrected for A V,t = 250 mag total absorption (Townsley et al. 2011) . In stark contrast, there is nothing remarkable about PCYC 699, save perhaps for the fact that its physical parameters are more poorly constrained than usual. The RW06 model fits to the SED of PCYC 699 are plotted in Figure 9 along with a parameter plot showing M versus A V,c for each fit. A degeneracy in the long-wavelength SED beyond 24 µm, where we have no data, produces 2 distinct families of model fits (Figure 9 ): intermediatemass YSOs with relatively high circumstellar extinction and low-mass YSOs with lower circumstellar extinction. The model fits corresponding to the highest extinction are consistent with the absorption of the X-ray source, but even taking into account the wide range of stellar mass and luminosity allowed by the model fits, there is no interpretation that would allow PCYC 699 to be considered a massive YSO. It is a relatively faint 24 µm source, and, unlike the most luminous YSOs in the PCYC, it is neither an MSX source nor an IRAS source. Thus we are left with a mystery surrounding the origin of the bright X-ray emission. The X-ray properties indicate a luminous, obscured, compact massive star cluster, but there is no commensurate IR emission.
Five Prominent YSO Sub-Clusters or Groups
In Figure 10 we present Spitzer multicolor images zoomed in on 5 prominent YSO clusters, 3 of them new discoveries from the combined Spitzer/Vela-Carina and CCCP observations. Extending the nomenclature of the Spitzer clusters identified by SP10, we call the new clusters Spitzer P, Q, and R (Table 3) .
Spitzer P and Q: (α 2000 , δ 2000 ) = (10 h 43 m , −59
• 26 ). These two clusters appear in projection to be close neighbors (Figure 10a ), located ∼8 northwest of Tr 14. Both contain a high fraction of unambiguous Stage 0/I YSOs and show no sign of dynamical relaxation, suggesting extreme youth. The location of Spitzer P corresponds to a C 18 O core (Figure 1 ), and its dense center contains a concentration of X-ray sources (Group 4; F11). Spitzer Q was not designated an X-ray group by F11, although it also coincides with an enhanced density of X-ray sources (Figure 2 ). Possibly the most massive Xray-emitting Stage 0/I YSO in the CCCP field is found in Spitzer Q. PCYC 179 is an extremely red Spitzer source, detected by MSX but not by 2MASS (Table 2) , with L bol ∼ 4 × 10 3 L and a very high envelope accretion rate, Ṁ env ∼ 2.5 × 10 −3 M yr −1 (Table 3 ). The associated CCCP source is very hard, E median = 4.0 keV (Table 4) . If the intrinsic X-ray emission is the soft spectrum produced by a normal massive stellar wind (Lucy & White 1980) , then it must be very luminous, with the soft counts almost completely absorbed. Alternatively, a more exotic emission mechanism may produce in intrinsically hard X-ray spectrum, or the CCCP source is an unresolved, low-mass companion.
Spitzer R: (α 2000 , δ 2000 ) = (10 h 44 m , −59
• 08 ). In the extreme northern corner of the CCCP field we have discovered another very young, tight grouping of YSOs called Spitzer R (Figure 10b ). This cluster is roughly centered on a CO peak that was not detected as a C 18 O core by Yonekura et al. (2005, and see Figure 1) , and it appears to be forming intermediate-mass stars but not massive stars. There is no associated X-ray cluster, but this may simply be a sensitivity effect given that Spitzer R lies close to the edge of the CCCP field and was observed far off-axis by ACIS, where the sensitivity is reduced (Broos et al. 2011a ).
Cr 232: (α 2000 , δ 2000 ) = (10 h 44.5 m , −59
• 34 ). Cr 232 is a well-known young massive cluster to the west of Tr 14, containing an O3.5 V((f)) star, HD 93250, and an O5 V star, HD 303311 (Smith 2006a , and references therein). Cr 232 is a large X-ray cluster (F11) apparently centered near the end of a broad dust pillar oriented toward η Car and Tr 16 (Figure 10c ). Cr 232 is undoubtedly richer than the newly-discovered Spitzer YSO clusters. Its location suggests that its formation may have been triggered recently by feedback from the massive stars in Tr 16. Apparently in the middle of the dust pillar associated with Cr 232 we detect a candidate Xray-emitting, highly-embedded, massive Stage 0/I YSO, PCYC 556 (Table 3) , similar to PCYC 179 in Spitzer Q, but the associated X-ray source is fainter by 0.4 dex and has E median = 1.9 keV, placing it among the soft X-ray group in Table 4 Table 2 ). This relatively soft Xray emission apparently originating from an embedded massive star suggests a highly luminous, intrinsically soft X-ray spectrum, perhaps powered by shocks in a strong stellar wind or accretion flow. Alternatively, the CCCP source may actually be a less obscured star that happens to be confused with the bright IRAC source.
Spitzer O: (α 2000 , δ 2000 ) = (10 h 45 m , −60
• 26.5 ). Identified recently by SP10, Spitzer O, located in the extreme southeast corner of the South Pillars, is a far outpost of massive star formation in the Carina complex (Figure 10d) . The cluster is associated with the southern of two C 18 O cores in the molecular cloud known as the Giant Pillar (Figure 1 ). Although it is near the edge of the CCCP field, where the ACIS sensitivity is lower, Spitzer O is nevertheless associated with a surface density enhancement in the X-ray sources (Figure 2) , which was not listed by F11 on account of its remote location. Spitzer O includes a small IR dark cloud that hosts one of the few examples of an EGO found in the Carina Nebula (SP10) . This EGO appears to be associated with 4 Stage 0/I YSOs (Table 3) in a tight, linear grouping. Extending this line westward along the IR dark cloud (to the right in Figure 10d ), we find a Stage II YSO and a candidate low-luminosity ultracompact H II region, suggesting a time-sequence of intermediate-mass star formation. Further to the west, Spitzer O also contains at least one massive star inside a compact H II region, identifiable as a small bubble outlined in 8 µm emission containing diffuse 24 µm emission from dust heated by the central ionizing source, most likely a late O-type star (P11). Two similar but slightly less bright H II regions, complete with their own ionizing stars, are visible to the north and south of cluster O. All 3 candidate OB stars in Figure 10d are detected in X-rays, and none appears to have been previously cataloged (P11).
7. DISCUSSION 7.1. A Recent Star Formation History for the Carina Nebula In §4.2, we derived a lower limit on the recent, global SFR in the Carina Nebula of >0.008 M yr −1 , averaged over the past τ 0 2 Myr, traced by the IR excess sources included in the PCYC. Feedback from massive stellar winds and radiation has been invoked by many authors as the driver of ongoing star formation (e.g., Smith et al. 2000; Smith & Brooks 2007, SP10) . If triggering by massive stars is indeed the dominant mode of continuing star formation in GMCs that host energetic H II regions, we can assess its relative importance by comparing the present-day SFR to the historical SFR that produced the massive star clusters that ionize the Carina Nebula and provide the source of the feedback. Fig. 1 , and crosses mark the positions of CCCP X-ray catalog sources. Where an X-ray source has been matched to a YSO, the crosses have been colored to match the YSO classification. Dashed ovals have been drawn subjectively to enclose the YSOs that appear associated with each grouping. Coordinate axes are equatorial (J2000). In panel (c), two cataloged, X-ray-emitting early O stars in Cr 232 are marked by orange diamonds and crosses; these are HD 93250 (left) and HD 303311 (right). Regions at the bottom edge of this image appear turquoise due to saturation of the 24 µm nebular emission. In panel (d), three candidate X-ray detected OB stars from P11 are marked by blue diamonds and crosses, and a candidate ultracompact H II region is highlighted with a cyan diamond.
Smith & Brooks (2007) estimated a total stellar population of 5-8 × 10
4 stars down to the hydrogen-burning limit by extrapolating from the known O-type stars in Carina (Smith 2006a) . The relative rarity of O stars requires an enormous extrapolation over the IMF to reach the low-mass stars that contain the bulk of the mass (Kroupa 2001) . Measurements of the IMF among low-mass stellar populations (from the Galactic field and open clusters) and high-mass stellar populations (from very massive Galactic and extragalactic clusters) have generally found slopes consistent with the SalpeterKroupa value, but region-to-region variations do exist (Bastian et al. 2010) . Because very massive clusters with a well-populated upper IMF are located at such large distances that individual low-mass stars generally cannot be resolved, there has been no simultaneous, self-consistent measurement of the IMF from solar-mass stars to the most massive stars. Compounding the problem, theoretical calibrations of the masses of O stars encounter a factor of ∼2 discrepancy between "spectroscopic" masses derived from surface gravity and "evolutionary" masses expected from stellar structure (Martins et al. 2005; Weidner & Vink 2010) . Finally, in the specific case of the Carina Nebula the completeness of the sample of known O stars (Smith 2006a ) may be as low as 50% (P11).
The CCCP X-ray catalog itself offers an independent measure of the total stellar population. The X-ray luminosity function (XLF) has proven to be a reliable tracer of the IMF (Getman et al. 2006 ) that is most sensitive to low-and intermediate-mass PMS stars. F11 scale the XLF from the Chandra Orion Ultradeep Project (COUP; Feigelson et al. 2005) , for which the underlying IMF is well-characterized (Muench et al. 2002) , to the XLFs from 4 distinct broad spatial regions within the CCCP and predict a total population of ∼10 5 stars above the brown dwarf mass limit. Because X-ray detection efficiencies are lower for YSOs versus diskless PMS stars (Preibisch et al. 2005 ) and for heavily obscured versus lightly obscured stars (e.g. Figure 3 in Feigelson et al. 2005) , the simple XLF scaling analysis implicitly assumes that any differences in the global disk fractions or the Figure 11 .
Comparison of global total-band (0.5-8 keV), absorption-corrected X-ray luminosity functions (XLFs) for diskless candidate PMS stars in the CCCP to the XLF (gray histogram) of 839 lightly obscured cool stars from the COUP sample (Feigelson et al. 2005) . XLFs are analyzed separately for the lightly-obscured (E median 2 keV; solid black histogram) and heavily-obscured (E median > 2 keV; dashed histogram) CCCP samples, and the scale factors used to match the COUP XLF to each CCCP XLF are labeled on the plot. Best-fit (negative) power-law slopes to each XLF are overplotted as lines; these are Γ XLF = 0.9, 1.3, and 1.0 for the COUP, lightly-obscured CCCP, and heavily-obscured CCCP XLFs, respectively. distributions of X-ray absorption between COUP and CCCP are negligible.
In Figure 11 we present a more detailed analysis of the CCCP XLF. Two XLFs, separated according to median energy into lightly-obscured (E median ≤ 2 keV) and heavily-obscured (E median > 2 keV) samples, were constructed using all CCCP sources identified as cluster members that were sufficiently bright to enable the derivation of absorption-corrected luminosities L X (Getman et al. 2010; Broos et al. 2011b ). The 410 CCCP sources matched to YSOs in the PCYC were excluded, as were ∼200 X-ray detected known or candidate OB stars (P11). The resulting XLFs (Figure 11 ) are clean samples of diskless PMS stars that can be more directly compared to the 839 lightly obscured stars in the COUP XLF, the vast majority of which lack circumstellar disks (Feigelson et al. 2005) . The scale factors between the COUP and CCCP XLFs are 25 and 20, for the lightly and heavily obscured samples, respectively, giving a total of 45 × 839 = 3.8 × 10 4 diskless CCCP cluster members with masses >0.1 M . This result is a lower limit due to the assumption that sources for which L X could not be obtained actually have L X values below the XLF turnoffs at log (L X /[erg s −1 ]) ∼ 30.6 and 31.6 for the lightly and heavily obscured samples, respectively (Figure 11) .
Combining 3.8×10 4 diskless stars traced by the XLF (Figure 11 ) with 2 × 10 4 disk-bearing YSOs predicted by the YMF (Figure 3) gives 5.8 × 10 4 young stars for the global Carina Nebula population, in agreement with the estimates of F11 and Smith & Brooks (2007) . The total stellar mass is 4.9-8.6 × 10 4 M (the upper bound is computed using the XLF scaling analysis from F11). Because the large majority of CCCP sources classified as likely Carina members (Broos et al. 2011b ) are associated with the clustered stellar population (F11), we deduce that the age spread represented by the global XLF is similar to the ∼5 Myr age spreads measured for the major ionizing clusters (Wang et al. 2011; Wolk et al. 2011 , and references therein). The time-averaged global SFR has been 0.010-0.017 M yr −1 over the past ∼5 Myr. The combined YMF and XLF results above lead straightforwardly to a global mid-IR excess fraction of ∼30% among the Carina Nebula population. Compared to the commonly-used K S -excess fraction, this mid-IR excess fraction is much closer to the astrophysical fraction of stars with inner disks. YSOs dominated by circumstellar disks or envelopes do not separate cleanly from reddened, diskless stars in JHK S color-color diagrams (Whitney et al. 2003, RW06) . Applying the K S -excess selection criteria of Preibisch et al. (2011) to the PCYC sources detected in 2MASS JHK S (Table 2), we find that only 36% of mid-IR selected YSOs exhibit a K S excess. We thus predict a global K S excess fraction among the Carina Nebula population of 30% × 36% = 11%. This result agrees very well with the 10% global K S -excess fraction reported by Preibisch et al. (2011) from deep JHK S imaging of the CCCP stellar population, considering that the X-ray detection frequency is expected to be lower for YSOs than for diskless PMS stars. We note that the stellar population in the Carina Nebula is far from coeval, hence large variations from the ∼30% global average mid-IR excess fraction are expected among different sub-populations, for example the relatively old Tr 15 cluster (Feinstein et al. 1980 ) has a very low disk fraction (see Figure 2 and also Wang et al. 2011 ) while the very young Treasure Chest cluster may have a disk fraction near 100% (Smith et al. 2005) . The disk fraction also decreases as a function of increasing stellar mass (PW10); the global value is dominated by the numerous low-mass stars, while the OB stellar population generally exhibits a low frequency of marginal mid-IR excess emission that likely is not indicative of circumstellar disks (P11).
In the South Pillars region, SP10 observed a general pattern of YSOs distributed spatially in the cavities between the ends of pillars and the ionizing stars and concluded that when star formation is triggered by feedback from massive stars, YSOs are left in the wake of retreating, evaporating pillars and molecular cloud surfaces eroded by advancing ionization fronts. Just over 50% of the YSOs in the PCYC are located in the South Pillars field presented by SP10 (Figures 1 and 2) . The wide-field coverage of the Vela-Carina survey allows us to generalize this picture of ongoing, potentially feedback-driven star formation beyond the South Pillars to the entire Carina Nebula. If triggering were indeed the dominant mode for ongoing star formation, then the high presentday SFR in the Carina Nebula would demonstrate that feedback can provide the mechanism for sustaining and propagating star formation throughout a GMC complex.
We caution, however, that while most of the active star formation has migrated outward (Smith & Brooks 2007) , making a clear division between a triggered YSO population and the OB stars that provide the trigger would be an oversimplification. The large concentrations of YSOs associated with the central, massive Tr 16 and Tr 14 clusters (Figures 1 and 2 ) indicate that these clusters are hotbeds of recent star formation; they are still being built. In contrast, the older Tr 15 and Bochum 11 clus-ters, both located in the outer regions of the Carina Nebula, have no associated YSO sub-clusters even though both are obvious X-ray star clusters (Figure 2) . The Carina Nebula is famous for its evolved super-massive stellar population, η Car being the capstone, but the numerous OB stars apparently associated with compact clusters or groups of YSOs (Figure 10 , and see also Figure 5 of P11) could be as young as a few 10 5 yr, especially considering that the intense winds and radiation fields of massive stars likely destroy their natal envelopes over very short timescales compared to the disk lifetimes of lower-mass stars (Hollenbach et al. 1994) .
The triggered star formation hypothesis is very difficult to test in a region as complicated as Carina; proof would require additional information beyond the observed correlation between YSOs and ionization fronts to establish a causal relationship that the ongoing star formation could not have occurred in the absence of a triggering mechanism provided by the massive stars. Highresolution interferometric radio or sub-mm detections of dense, massive, molecular cores that lack active star formation and remain protected from external radiation fields within the Carina molecular clouds could provide such evidence.
An alternate hypothesis of turbulence-driven, hierarchical fragmentation and collapse of the Carina GMC complex (Sabbi et al. 2007 , and references therein) also appears consistent with currently available data. This idea could explain the cluster-of-clusters morphology of the Carina stellar populations and is supported by our results that a large, approximately coeval YSO population is widely distributed throughout the Carina complex and the present-day SFR is approximately the same as the time-averaged historical SFR. In this scenario, feedback from massive stars need not trigger star formation, but it could regulate star formation by rapidly sweeping the natal molecular cloud fragments away from young embedded clusters, revealing and even unbinding these YSO clusters (as suggested by SP10) over shorter timescales than expected from observations of more pristine molecular cloud environments such as M17 SWex (PW10).
In summary, the global star formation history of the Carina GMC complex is characterized by an approximately constant SFR of 0.010-0.017 M yr −1 over the past 5 Myr, perhaps set in motion by the hierarchical collapse and fragmentation of the GMC into a cluster of clusters. This average SFR has been punctuated by intense bursts of massive star formation. The largest burst produced the super-massive stellar population in Tr 16, including η Car, about 3-4 Myr ago (e.g. DeGioiaEastwood et al. 2001; Wolk et al. 2011) , followed by a second burst that formed the very massive stellar population in the core of the Tr 14 cluster, perhaps as recently as 0.5 Myr ago (Sana et al. 2010) . Subsequent to the formation of the very massive ionizing clusters, the recent star formation history in the Carina Nebula has been driven or at least regulated by feedback from the massive stars.
7.2. The Production of X-rays by Intermediate-Mass PMS Stars Our comparative study in §5 between the subpopulations of the PCYC with and without X-ray matches in the CCCP catalog (Broos et al. 2011a ) reveals some qualitative trends that provide clues into the origin of Xray emission in intermediate-mass PMS stars. Across the 1-10 M mass range sampled by the PCYC (Figure 5 ), X-ray emission appears to be activated during the protostellar evolutionary phase, and this emission becomes more readily detectable in relatively evolved Stage 0/I objects for which the absorption to the central star is reduced. It is well-established that the X-ray luminosity of low-mass, T Tauri stars increases as they evolve from disk-dominated (Stage/Class II) to diskless (Class III) PMS stars (Stassun et al. 2004; Telleschi et al. 2007; Prisinzano et al. 2008) . In stark contrast, we find that intermediate-mass, disk-bearing YSOs continue to produce X-rays as they evolve beyond the Stage 0/I phase, but this emission fades away as the circumstellar disks evolve and the central stars pass through a Herbig Ae/Be phase during their approach to the main sequence.
X-ray detections of intermediate-mass, disk-dominated YSOs in the mass range 1.6-4 M are correlated with higher disk mass only for stars with cool photospheric temperatures (Figure 7 ). Although these stars will arrive on the main sequence as A and B stars with T eff ≥ 7500 K and fully radiative envelopes, currently they have T eff < 5500 K and spectral types later than G2. During their early PMS evolution, intermediate-mass stars can thus be regarded, in terms of their stellar structure and surface temperatures, as more luminous analogs of classical T Tauri stars, complete with convective envelopes. We therefore suggest that X-ray emission from intermediate-mass YSOs originates in a scaled-up version of the mechanism powering X-rays from T Tauri stars; convection-driven magnetic reconnection activity (Stassun et al. 2004; Preibisch et al. 2005) . Because intermediate-mass stars reach the main sequence within a few Myr (Siess et al. 2000) , this emission mechanism is available for only a short time compared to low-mass PMS stars. The rapid fading of X-ray emission coincides with the rapid dissipation of the circumstellar disk as the temperature of the central star rises.
This rapidly fading dynamo hypothesis can also explain a puzzling feature of the CCCP XLF. The slope of the lightly-obscured CCCP XLF, fitted with a powerlaw function using the method of Maschberger & Kroupa (2009) , is Γ XLF = 1.3, significantly steeper than the slopes of both the the comparison lightly-obscured COUP XLF (Γ XLF = 0.9) and the heavily-obscured CCCP XLF (Γ XLF = 1.0; Figure 11) . If the lightlyobscured CCCP XLF traces an older stellar population compared to either the COUP or the heavilyobscured CCCP XLFs, then a relatively rapid decay in L X among the more luminous, intermediate-mass stars would steepen the observed XLF slope, just as massdependent circumstellar disk evolution steepens the observed YMF slope (Figure 3) . A similar deficit of stars with log L X 31 erg s −1 steepens the observed XLF slope of the Tr 15 cluster (Wang et al. 2011) . With an age 5 Myr, Tr 15 represents a significantly older stellar population compared to either the ONC or the other massive clusters in the Carina Nebula.
CONCLUSIONS
We have used the Spitzer Vela-Carina point-source lists, in combination with complementary IR datasets, to carry out an unbiased search for YSOs with IR excess emission throughout the Carina Nebula. We produce a Pan-Carina YSO Catalog (PCYC) of 1439 highly-reliable candidate YSOs, 410 of which have X-ray counterparts from the CCCP catalog. The PCYC comprises one of the largest samples of intermediate-mass YSOs in a single massive star-forming complex compiled to date, and it is the largest such collection with a complete set of complementary X-ray observations. From our initial analysis of this rich dataset, we can draw the following conclusions:
• The mass function (YMF) of the Carina YSOs exhibits a power-law slope Γ YMF = 3.3, significantly steeper than the Salpeter-Kroupa IMF. Such a steep slope, first observed for the YSO population of the M17 SWex IR dark cloud, is at least partially the result of an observational selection effect caused by rapid disk evolution among intermediate-mass YSOs (PW10). M17 SWex and Carina are very different environments; the former is a cold, IR dark cloud apparently experiencing its first wave of star formation while the latter is an evolved H II region powered by some of the most massive stars in the Galaxy. While the YMF slopes are similar, the lower critical mass of the PCYC sample, below which the YMF may agree with a normal Salpeter-Kroupa IMF, likely reflects a larger age spread among the YSOs in the Carina Nebula.
• The time-averaged global SFR in the Carina complex has been 0.010-0.017 Msun yr −1 over the past <5 Myr, punctuated by intense bursts of activity that produced the very massive stellar populations in the Tr 16 and Tr 14 clusters. If the presentday Galactic SFR is a few M yr −1 , then the star formation activity of the entire Milky Way is equivalent to a few hundred Carina complexes. The cluster-of-clusters pattern of star formation in the Carina Nebula is consistent with hierarchical fragmentation and collapse of a GMC complex (Sabbi et al. 2007 ).
• The present-day global star formation rate in the Carina Complex is >0.008 M yr −1 . The massive central ionizing clusters Tr 16 and Tr 14 still host intense concentrations of ongoing star formation. Ongoing star formation activity is distributed widely throughout Carina, driven or regulated by feedback from the massive stellar population, which acts to quickly reveal and even unbind young, embedded clusters (SP10).
• The PCYC includes 62 candidate X-ray-emitting Stage 0/I YSOs, a sample large enough to provide statistical evidence that X-ray detections correlate with more evolved protostars. Our results support previous findings that the physical mechanism producing X-rays in PMS stars is activated during the protostellar evolutionary phase, and circumstellar material contributes significantly to the absorption of X-rays from the youngest YSOs (Getman et al. 2007; Prisinzano et al. 2008 ).
• The apparent X-ray emission from intermediatemass YSOs is usually consistent with the presence of unresolved, low-mass companions. But we also isolate a class of intermediate-mass Stage II YSOs with cooler photospheres and relatively massive circumstellar disks for which the X-ray emission appears to be intrinsic. We suggest that the progenitors of Herbig Ae/Be stars produce X-rays during their early PMS evolution, perhaps powered by magnetic reconnection activity during a convective atmosphere phase, but this mechanism decays as the stars approach the main sequence. A rapid fading of the stellar dynamo could thus act to steepen observed XLF slopes as a function of increasing cluster age (Wang et al. 2011 ).
• We identify 3 new very young, tight YSO subclusters in the northwestern region of the Carina Nebula, 2 of which are associated with significant concentrations of X-ray sources (F11).
The full PCYC dataset is available in the electronic versions of Tables 2 and 3. We hope that this catalog will serve as a valuable database for future multiwavelength observations and modeling of star formation in the Carina Complex.
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Facilities: Spitzer(IRAC), Spitzer(MIPS), CTIO:2MASS, MSX, CXO (ACIS) Note. -This Table is available in its entirety in a machine-readable form in the online journal. A portion is reproduced here for guidance regarding its form and content and to highlight sources of interest. Sources are grouped according to their apparent association with the YSO sub-clusters discussed in §6. a The typical photometric uncertainty is 0.1 mag.
b Source names are preceded by either a "C" for the highly-reliable Vela-Carina Catalog or an "A" for the more-complete Archive.
c Quality flags are defined as follows: 0 = non-detection, 1 = detection, 2 = flux density lower limit (magnitude upper limit), and 3 = flux density upper limit (magnitude lower limit). Table 2 and §6. a The Membership columns follow F11.
b The Notes column includes the following: O, P, Q, R, or Cr 232 refer to membership in the groups discussed in §6; 2X or 3X indicates that the Spitzer source was matched to 2 or 3 CCCP X-ray sources; and MSX means that the YSO is also an MSX source. Soft X-ray Counterparts (E median ≤ 2 keV) 83 0.8 0.6 3.6 0.0 -5.1 2.1 × 10 1 2.9 × 10 1 104216.00-593607.6 13.5 1.5 -14.4 148 0.6 0.5 3.6 0.1 -4.5 4.6 × 10 1 1.4 × 10 2 104251.41-592535.6 5.5 1.5 -14.9 a The probability distributions of A V,t can be strongly skewed, with long tails to high values. This often yields very large values for σ(A V,t ), hence in cases where σ(A V,t ) A V,t we define Max(A V,t ) ≡ σ(A V,t ). b Columns (10)-(12) list the quantities NetCountst, EnergyFluxt, and MedianEnergyt from Table 1 of Broos et al. (2011a) . c PCYC 1025 is located in the the very crowded center of the Treasure Chest, hence it is very likely a combination of multiple confused sources in the IRAC beam, and the physical association of the CCCP source with the IRAC source is highly questionable.
